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SUMKAHY 



An investigation has been made in tie HAOA 7- by 10- 
foot wind tunnel of a lar^e-chord HA OA 23021 airfoil with 
a 15-percent-chord and a 25-percent-chord balanced split 
flap of Olark T profile, to determine the aerodynamic sec- 
tion characteristics cf tho airfoil-flap combinations as 
affected "07 the size, nose location, and deflection of the 
flaps. Section lift, dra^ , and pit chin*! -moment character- 
istics are presented in the form of contours of flap nose 
location for ;ivon values of the lift, dras. and pitchin^- 
moment coefficients and conpleto aerodynamic section char- 
acteristics arc presented for four representative loca- 
tions cf arch flap. The two balanced split flaps are com- 
parod with a slottod-flap arrangement developed in a pre- 
vious investigation . 

The optimum aerodynamic arranier.ent of either bal- 
anced split flap, from considerations of ninimum profile- 
dra? coefficients for take-off and climb, was an arrangement 
comparable to the Forler flap. The 15-percent balanced 
split flap was better over the moderate lift ran^e, while 
the 25-percent balanced split flap was better over the 
hi*?h-lift rr.n^e. Both balanced split flaps were better 
than the best slotted fl?-p of a previous investigation, 
except in the hi^h-lift ran?e t where the slotted flap de- 
veloped a higher maximum lift coefficient than did the 15- 
porcont" balanced split flap, 

From considerations of maximum lift coefficient, the 
Fowler arrangement of tho 25-pejrcont balanced split flap 
was the optimum, sivin? an increment of maximum lift coef- 
ficient of about 1.82. The best slotted flap of a previ- 
ous investigation lave an incremont of 1.47, while the 
Fowler arran^onont of tho 15-porcont balanced split flap 
^ave an increment of 1*24. The optinum position for the 
15-porcent balanced split flap was a hi?h dra^ position 
at 5 percent ahead of the trailing ed^o and 3 porcont below 
tho chord lino, whoro tho increment of maximum lift coef- 
ficient- obtained was 1.31. 
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In ^onoral, under conparable conditions, the previ- 
ously dovolopod clotted flap had equal or somewhat lower 
pit chin^; -moment coef f icient s than either size of "balanced 
split flap. 

INTRODUCTION 



The National Advisory Comraittoo for Aeronautics has 
undertaken an extensive investigation of various airfoil- 
flap combinations to furnish information applicable to the 
aerodynamic and structural design of hi^h-lift devicos 
with the view toward incrorsin? the safety and perform- 
anco of airplanes. A hi*;h-lift device capable of produc- 
ing hi^h lift with low dras for talco-off and initial climb, 
and hi^h lift with variable drac; for landing is beliovod 
dosirrble. Other important features are : no incroaso in 
dra"; with flaps neutral', small change in pitching moment 
with flap deflection, low operating forces, freedom from 
possiblo icins , and structural simplicity. 

Some promising airfoil-flap combinations have "been 
dovolopod for the NACA 23012 and 23021 airfoils. Aorody- 
namic data for the HAG A 2*021 airfoil equipped with single 
slottod flaps arc liven in references 1 and 2 t with split 
flaps in reference 3 f with plain and slottod o.^tonsiblo 
flaps iu reforrnco 4, and vith double slotted flaps in 
roforenco 5. Structural data on this airfoil oquippod 
with a single slotted flap and with a split flap are ^iven 
in reference 6. 

The typo of flap moot conmonly used on modern air- 
planes is some form of split flap. In order to furnish 
information on this typo of flap, an investigation has . 
"been made of an NACA 23012 airfoil equipped with two sizes 
of balanced split flnps, and is reported in reforonco 7. 
The investigation of balanced split flaps has boen extend- 
ed to the thicker NACA 23021 airfoil and tho results are 
proscntod heroin. 3y a balanced split flap is meant a 
split flap of -lirfoil section which is displaced rearward 
as well as deflected downward. 



APPARATUS AND TESTS 
Models 

Tho basic airfoil used in the tosts was built to the 
NACA 23021 profile with a chord of 3 feet and a span of 



3 



7 feet; tho ordinates for the section are liven in tahle I. 
Two J seta of laminated mahogany "bloclcs were used .as removahle 
tail pieces for the airfoil, one for each of the flaps test- 
ed. She "blocks were cut out as shown in figure 1 ao that, 
in the retracted position, the flaps faired smoothly into 
the win*. 

The two flaps tested were "built to the Clark T profile 
(ordinates tahle I). The flap chord3 rere, respectively, 
15 and 25 percent of the main airfoil chord and vere of the 
same span as the air-foil. The flaps rere "built of laminated 
mahogany and were attached to the main airfoil with special 
fittings. Those fittings allowed a wide variation in the 
location of the nose point of each flap and permitted flap 
deflections of from 0° to 60° in 10° increments at each lo- 
cation. Tisuro 1 shows the location of the nose points 
tested. Tho nose po?.nt of the flap is defined as the point 
of tar^ency of the flap leadini-ed^o arc with a line per- 
pendicular to the flr-p chord. The models were made to a 
tolerance of ±0.015 inch. 



Tests 

The model was mounted in tho closed test section of 
the IT A OA 7- "by 10-foot Trine* tunnel, r.o that it completely 
epmnod tho Jet except for small clearances at each end 
(references 8 and 9), The main airfoil was rigidly at- 
tached to the "balance frar.e "by torque tubes which extend- 
ed through the upper and the lower "boundaries of the tun- 
nel. The an^le of attack of the model was set from outside 
the tunnel hy rotating the torque tubes "by means of a cal- 
ibrated drive. Since approximately two-dimensional flow 
is o"otaine.d. with this- type -of installation, the section 
characteristics of the model under test may he "determined. 

A dyaamio pressure of 15.37 pounds per square foot 
was maintained for all tests, which correrpondo to a veloc- 
ity of about 80. miles per hour under standard conditions, 
and to a test Eeynolds nurfber of about 2,190,000 "based on 
the chord of the airfoil" with the -flap retracted. The ef- 
fective Reynolds numher was ahout 3,500,000 "based on a tur- 
bulence factor of 1.6 for the tunnel. (See reference 8.) 

Force tests were made with each flap located in the 
positions shown in figure 1 and for flap deflections from 
0° to 60° in 10° increments. Lift, dra<s, a*d pitching mo- 
ment were measured through the ansle-of-attaok ran?e from 
-6° to the stall. 
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RESULTS' AHD DISOUSSIOK 
Coefficients 

All tost results are siven in standard nondimensional 
section coefficient form corrected as explained in refer- 
ence 8. 

c^ section lift coefficient (1/qc) 

c^^ section proflle-dra? coefficient (d 0 /qo) 

c a section pit chin«;-inorient coef fici ent a "bout aero- 

fa. c.) Q dynamic center of plain airfoil 

( m (a.c.) 0 /l ca ) 

where 

I section lift 

d Q section profile dra? 

m, v section pitching moment 
(a.c.) Q * 

q. dynamic pressure p V 3 ) 

c chord of "basic airfoil with flap retracted 
and 

a 0 an^le of attack for infinite aspect ratio 

8^ flap deflection measured "betwoen the airfoil 

chord line and the flap chord line 

Preci sion 

The accuracy of the neasurononts in the tests is "be- 
lieved to "be within the following Unite: 

a Q - ±0.1 c A - — - - ±0.0006 

°(c V =1.0) . 

c ±0.03 <5 d =±0.002 

nax °( Cl =2.5) 
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±0,003 8 f ±0.2° 



c a ±0.0003 Flap position - ±0.001o 

°nin 

Ho corrections have "been applied to the data for the 
effect of flap hinges, as their effect is "believed to "be 
snail'. The relative merits of the various flap combina- 
tions are probably not appreciably affeoted "because the 
sane hinqe fittings were used in all tests. 

No -attempt was cade to determine the effect of the 
break in the lower surface of the win*; when the flap is 
retracted, a? it is "believed that some comparatively sim- 
ple arrangement nay be used to seal the break on an actual 
installation. 

Plain Airfoil 

The complete aerodynamic section characteristics of 
the plain 1TACA 23021 airfoil are ^iven in figure 2. These 
data are presented and discussed in reference 1. 



Cn (a.c.) 0 " 



Determination of Optimum Flap Arrangements 

M aximum l}f t.- Contours of flap nose location for 
maximum lift coefficient are presented in figure 3 for the 
15-percent-chord balanced split .flap, . The optimum loca- 
tions of the flap nose are directly below the trailing ed*e 
of the airfoil for flap deflections less than 25°; for 
which deflections, based on . information obtained from pre- 
vious investigations of low ..dra? arrangement s , the flap 
was unstalled. (Note that this is the Fowler or the slot- 
ted extensible flap arrangement.) The best nose location 
was 6 percent below the chord line for 6° flap deflection, 
3 percent below for 10° flap deflection, and 1.5 percent 
below for 20° to 25° flap deflections. After the flap 
stalls the optimum location is 5 percent ahead of the trail- 
ing ed^6 and 3 pereent below the chord line for all flap 
deflections from 30° to 60°.. The maximum lift coefficient, 
obtained wit h. the- flap, located at. the Fowler position and 
with the comparatively low dra* flap! def lection of 25° f 
was 2.54 w^tloh' was only increased to 2.59 at a flap deflec- 
tion of 60°. The maximum lift coefficient obtained with 
the 15-percent-chord balanced split flap at the optimum lo- 
cation was 2.56 with a flap deflection of 60° as compared 
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to the maximum lift coefficient of 2.82 obtained with the 
25.6S-percent-chord slotted flap 2b of reference 1. 

The contours of flap location for maximum lift coef- 
ficient for the 25-percent-chord balanced split flap are 
presented in figure 4. As for the smaller flap, the opti- 
mum locations for the unstalled flap deflections are "below 
the trailing edge of the airfoil, "being 6 percent below 
the chord line for 0° deflection, 3 percent "below for 10° 
and 20° deflections t from 3 to 1.5 percent "below for a 30° 
deflection, and 1.5 percent "below the chord line for a 40° 
flap dof lection. Note that the larger flap went to a much 
highor deflection "before it stalled. The host locations 
for the 50° and 60° flap deflections wore 3 percent below 
the chord lino and 8^ percent ahoad of the trailing edge. 

The maximum lift coefficients obtained were 3.16 at 40° 
deflection and 3.0C at 60° deflections, so there is no 
reason to use the higher deflections unless added drag 
for landing is desired along with a sacrifice of maximum 
lift coefficient . 

Prom the contours ?iven in figures 3 and 4 the de- 
signer can determine the maximum lift coefficient to be 
expected at any flap location and deflection within the 
ran?e investigated. The contours do not all close but it 
is believed that a sufficient range was investigated to 
cover any probable installation, 

Mlnlau r. -pro fil e drag .- The contours of flap nose lo- 
cation for constant prof ile-drag coefficients for the 15- 
percent-chord balanced split -flap are presented in figures 
5 t 5, and 7. The contours are given for lift coefficients 
of 1.0, 1.5, and 2.0 for each flap deflection from 0° to 
60°. The minimum profile-drag coefficient obtained at a 
lift coefficient of 1.0 was 0.0218 for the Fowler arrange- 
ment . deflect ed 10° as compared to a prof ile-drag coeffi- 
cient of 0.0248 for the piain wing. At a lift coefficient 
of 1.5, the Fowler arrangement deflected either 10° or 20° 
gave a minimum profile-drag coefficient of 0.0306, and at 
a lift coefficient of 2.0 the Fowler arrangement deflected 
20° was also the optimum, giving a minimum profile-drag 
coefficiont of 0.0446. The Fowler arrangement of tho 15- 
percont-chord balanced split flap has a lower profile drag 
than slotted fiap 2b of roforoncc 1 for all lift coeffi- 
cients below 2.0, but has highor profilo-drag coefficients 
at lift coefficients above 2.0. 
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The contours of flap nose location for constant 
prof ile-dra* coefficients for the 25-percent-chord "balanced 
split flap, are presented in figures 8 t 9, and 10". The ' op- 
timum location of the nose of the flap for a lift coeffi- 
cient of 1.0 was 3 percent "below the chord line and 8-a per- 
cent ahead of the trailing ed?e at 10° deflection for the 
25-percent-chord flap. However, the minimum profile-dra^ 
coefficient of 0.0231 was only increased to 0.0237 when 
the flap was moved hack to the Fowler position. Both ar- 
rangements are "better than either the plain airfoil or 
slotted flap 2b , of reference 1, hut are inferior to the 
optimum arrangement of the 15-percent-chord "balanced split 
flap. The Fowler arrangement was the optimum at a lift 
coefficient of 1.5, and the prof ile-dra^ coefficient was 
the same as for the 15-percent-chord balanced split flap 
at the same lift coefficient. At a lift coefficient of 
2.0 f the optimum arrangement was the Fowler, deflected 20°. 
The prof ilo-dra 1 ; coefficient of 0.0405 obtained was lower 
than that of either slotted flap 2b of reference 1 or 
the 15-percent-chord balanced split flap. The 25-percont- 
chord balanced split flap locatod at tho Fowler position 
had a r.inimum prof ile-dra^ coofficiont of 0.064 at a lift 
coefficient of 2.5 as compared to a prof ilo-dra<5 coeffi- 
cient of 0.083 fdr slotted flap 2b of reference 1 and 
0.110 for the 15-percent-chord balanced split flap at the 
Fowler position. 

The location of the nose of the flap for either bal- 
anced split flap for r.inimum profile-dra^ coefficients is 
not extremely critical, but the dra*; does increase .rather 
rapidly as the flap nose is moved forward or downward from 
the optimum position. The optimum arrangement is one com- 
parable to the Fowler flap from considerations of minimum 
prof ile-dra*; coefficients. 

Pi t ching mo ment .- The contours of flap nose location 
for pitchin^-moment coefficients about. the aerodynamic cen- 
ter of the plain airfoil are presented in figures 11 to 16 
for both sizes of balanced split flaps. In soneral, the 
optimum location of the flaps to *sive minimum pitchin^- 
moment coefficients at a ^iven lift coefficient and flap 
deflection, is tho simple split-flap arran^emont , while the 
location which ^ives the maximum pit chins-moment coeffi- 
cients is tho Fowler arrangement. For tho 15-percent-chord 
balancod split flap tho pitching moments for tho Fowler 
arrangement are about 35 percent higher than for the sim- 
ple split-flap arrangement, and for the 25-percent-chord 
balanced split flap thoy are about 90 percent higher for 
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the Jowler arrangement than for the simple split-flap 
arrangement . ■ ■ 

An exact analysis of pit ahin«;-Eonent data- is quite 
complicated and a ^reat many ■ dif f orent factors must "be 
considered. In this report the pi tchin^-moment coeffi- 
cients of the tTO sizes of "balanced split flaps trill he 
compared only on. the "basis .of equal riaxilmn lift coeffi- 
cients© This comparison is given in the following tahle 
for "both sipes of "balanced split flaps at several loca- 
tions p-nd for. slotted flap 2b of reference l g all ar- 
ranged to ^ive a raximun lift coefficient of 2.3 and at 
lift coefficients, of 70, 80; and 90 percent of the maxi- 
mum lift coefficient. Prof ile-draT-coef f iciont and flap- 
deflection data are included in the tahle. 



c d„ at 



' n (a.c.) 0 a* 



25-percsnt-chord balanced split flap, . c^ = -2.3 
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0.8 
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0.7 
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max 


0.0833 
.1667 
.25 
.25 


0.06 
.03 

0 

.015 


15.5° 

8 6 
10.5° 

5° 


0.08S 
.054 
.055 
.058 


0.075 
.042 
.044 
.042 


0.067 
.035 
.036 
.035 


-0.295 
-^313 
-.330 
-.300 


-0-292 

-.302 
-.315 
-.278 


-0.285 
-.286 
-.305 
-.260 


15-percent-caord "balanced split flau, Ci = 2.3- 


0.05 
.10 
.15 
.15 


0.05 
.03 

0 

.015 


28°. 
20° 
33° 
2g° 


0.091 
■ .067 
.067 
.050 


0.082 
.056 
.055 
.041 


0.076 
.049 

■ .047 
.035 


-0.288 
-..300 
-.360 
-.355 


-0.284 
-.300 
-.351 
-.368 


-0.279 

. -.295 

-.349 
-.35? 


25 ,66-percent-caord slotted flap 2b of reference 1, 

cv =s 2.3 
■max 






20° 


0.048 


0.040 


0.035|-0.300 


-0.290 


-0.280 



. The tahle jefhoTrs that slotted flap 2b of reference 1 
haft .slightly lower pit chin^-moment coefficients than the 
15-percent*-chord "balanced spli.t flap except for the higher 
dxa^ arrangement- of the balanced split flap, and has ap- 
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proximately the same pit ching--mo.ment coefficients as the 
low-drag arrant ementV of the 25-percent-chord balanced 
split flap, 

B ffect o f seal i ng gag .- Incomplete teste were made ■ 
with "both the 15- and the 25-percent-chord "balanced' split 
flaps to determine the effect of sealing snail gaps he-" 
tween the airfoil and the flap nose. Results are in agree- 
ment with reference 7 where it. was found that sealing small 
Saps of about 1 percent or less was "beneficial to the max- 
imum lift coefficient, while sealing gaps greater than 
about 1 percent was detrimental to the maximum lift coef- 
ficient* Prom this it would appoar that the small gaps 
were acting as leaks while the large gaps were acting as 
slots; however, it should he noted that in all cases seal- 
ing tho gap increased the profile-drag coefficient. The 
data obtained on the effects of sealing the saps were not 
sufficient to he prenented in the form of curves in this 
report. 

Aero dynamic Section Characteristics 

Complete aerodynamic section characteristics are pre- 
sented in figures 17 to 24 for four different noso loca- 
tions of "both the 15- and the 25-percent-chord "balanced 
split flaps. These locations are "believed to lie on or 
near any probable path taken "by the flap in moving from 
its retracted position to its position for maximum lift. 
These figures, in conjunction with the contours of figures 
3 to 16, should allow tho dosigners to predict tho per- 
formance of any airfoil-flap arrangement within tho range 
investigated. 

Comparison of Flap Arrangononts 

Envelope polars of profile-drag coefficient for "both 
sizes of "balanced split flaps are given in figures 25 and 
26, for the four positions for which complete aerodynamic 
section characteristics were given. These polars show 
that the Fowler arrangement gives the lowest profile-drag 
coefficient for a given lift coefficient for either else 
of flap, except at the maximum lift of the 15-porc'ent- 
chord balanced split flap, whore a higher maximum lift co- 
efficient is obtained with tho flap located 5 percent 
ahead of the trailing odgo and 3 percent below tho chord 
line. From consideration of maximum lift coefficient and 
minimum profilo-drag coefficient, the Fowler location is 
tho host for the 25-porcont-chord balanced split flap. 
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Fron consideration of maximum lift coefficient, the opti- 
mize location of the 15-percent-chord "balanced split flap 
is 5 percent ahead of the trailing ed^e and 3 percent below 
the chord- line; while, from considerations of minimum 
prof ile-dra^ coeff icient f ■ the. Fowler location is tho opti- 
nun • 

Comparison of Fowler Arrangements of the Balanced 
Split Flaps and Slotted Flap 2b of Reference 1 



Envelope polars for the Fowler arramjonont s of the 
two sizes of ."balanced split flaps and for the 25.66- 
percent-chord slottod flap 2b of reference 1 are ^iven 
in figure 27. (Phis figure shows that the "basic airfoil 
had the lowest profile-dra^ coefficients over the low lift 
ran^e; the Fowler arran?er.ent of the 15-percent-chord bal- 
ancod split flap had the lowest prof ile-dra 1 ? coefficients 
over the moderate lift ranse; and the Fowler arrangement 
of the 25-percent-chord "balanced split flap had the lowest 
profile-dra^ coefficients over the hi^h lift ran^e. 

The Fowler arrangement of the 25-percent-chord "bal- 
anced split flap was "better than slotted flap 2"b of ref- 
erence 1 over the whole lift ran^e; while the Fowler ar- 
rangement of the 15-percent-chord "balanced split flap was 
"better than slotted flap 2b over the low and moderate 
lift ranges, "but had higher profile-dra? coefficients over 
the hi?h lift ransfe. 

A comparison of the increments of maximum lift coef- 
ficient for the two sizes of "balanced split flap* at the 
Fowler position and for slotted flap 2b of reference 1 
is ^iven in figure 28. This figure shows that little in- 
crease in maximum lift coefficient is obtained "by deflect- 
ing the "balanced split flap beyond the an?le at which the 
flap stalls. The 25-percent-chord "balanced split flap 
Save the largest increment of maximum lift coefficient, 
about 1*82; slotted flap 2b of reference 1 Save an inter- 
mediate increment of maximum lift coefficient, about 1.47; 
while the 15-percent-chord balanced split flap save the 
smallest increment of maximum lift coefficient, about 124. 
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The optimun aerodynamic arrangement of either size of 
"balanced split flap, fron consideration of nlnlnum profile- 
dra? coefficients for tako-off and initial climb, was an 
arrangement comparable to the Fowler flap. The results 
showed that the "basic airfoil had tho lowest prof Ile-dra? 
coefficients over tho low lift ran?o; the optimum arrange-* 
nont of the 15-porcent-ohord "balanced- split flap had the 
lowest prof Ile-dra? coef fici'ont s over tho r.oderato lift 
ran^e; end the optimun arrangement of the 25-percent- 
chord "balanced split flap had the lowest prof ile-dras co- 
efficients over the hl^h lift ran^e. On the basis of low 
prof ile-dra^ coef f I cient s , the opt Icon arrangement of the 
25-percent-chord "balanced split flap was "better than the 
"best slotted fln.p, developed in a previous inventi<;ation f 
over the whole lift ran;e, Trhile the optinun arran^enent 
of the 15-porcent-chord "balanced split flap was "bettor 
than tho previously developed slotted flap over the low 
and moderate lift ran-ios, but had hi^hor profilo-dra^ co- 
efficients over tho hi^h lift rnnqe. 

The Fowler arran-;enent of the 25-percont7chord "bal- 
anced split flap ^avo the highest increment of maximum 
lift coefficient, about 1.92 as compared to 1.47 for the 
previously developed slotted flap, and 1.24 for the Fowier 
arrangement of the 15-percert-chord "balanced split flap# 
The optimum arrangement of the 15-percent-chord "balanced 
split flap from considerations of maximum lift coefficient 
was 5 percent ahead of the trailing ed^e and 3 percent 
"below the chord line, where the increment of maximum lift 
coefficient was 1*31. 

In general, undor comparable conditions, the previ-. 
ously developed slotted flap had equal or somewhat lower 
pitching moments than either size of "balanced split flap* 
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TABLE I ■ - .... 

Ordinates for Airfoil and Plap Shapes 
(Stations and ordlnates in percent of airfoil chord) 



3JACA 23021 airfoil 



Clark 7 flaps 



station 


Upper 
surf ace 


Lover 
surface 


o" 




0 


1.25 


4.87 


-2.08 


2.5 


6.14 


-3.14 
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Ii.B- radius: 4.85 
Slope of radius through 
end of chord: 0.305 
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Figure 5. - Contours of f/op Jocation for Cy at c, = /.Oj 
O. /5c balanced sp//r flap. 



BACA 



JTig. 6 






NACA 



Fig. ? 





BACA 



Fig«. 8 f 9 






6 / 3 S 



y <? // 'j *s ty /* */ ^"^(^ 



Srcr/rd its 





O.aSo /»« /one* </ s/>/'V S/ayO . 



<r 4 ~ <?o* 




3j s 0* • *£.o 





figure /O - Cmntmvz of Shf /•cmtmj f*r 

£5; i?^ic bo /one* 4 Sptt+ f'+f. 





- Contour* of fiap /ocofion for c m at c~/.Q' 




O.J5 c bo/arrcert xoftt flap. 



Fig. 13 





-.28 H 



j" 7- r // 




/J at- 




c£ - + 0' 











36 , 


J6 




.37 










1 


p 














h 










7 



S f * so' 




-- cc' 



Figure /S.- Contours of f/op /ocaf/bn for c„ or .£0; 

O./Sc bo/a/iced sp//f f'/a/>. 
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Figure 25.- 

Comparison 

of 

prtf ile- 
drag 

coefficients 
•f 

various 

arrangements 
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0.15c 
balanced 
split 
flap 

on 

NACA 
23021 
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Figure 27.- Comparison of best alottad with best balanced 
split -flap arrangements on NACA 23021 airfoil. 
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Figure 28.- 

Comparison 

of 

increments 
of 

maximum 
section 
lift 

coefficient. 
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